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ABSTRACT 

Using the Yunnan evolutionary population synthesis (EPS) models with and without 
binary interactions, we present the luminosity of Ha recombination line (Ln a ), the 
luminosity of [OII]A3727 forbidden- line doublet (Lroiii), the ultraviolet (UV) fluxes at 
1500 and 2800 A (L^uv) an d far-infrared flux (Lfir) for burst, E, SO, Sa-Sd and Irr 
galaxies at Z =0.0001, 0.0003, 0.001, 0.004, 0.01, 0.02 and 0.03, present the conversion 
coefficients between star formation rate (SFR) and these diagnostics, and discuss the 
effects of binary interactions and metallicity on these SFR calibrations. 

The inclusion of binary interactions can lower the SFR versus Lhq and SFR 
versus L[on] conversion factors (Cna, Cjoirj) by ~0.1-0.2 dex, the SFR versus £1500 
conversion factor (C1500) by ~0.1 dex and the SFR versus L2800 conversion factor 
(C2800) by ~0. 2-0.1 dex, but raise the SFR versus Lfir conversion factor (Cfir) by 
~0.05dex. The differences in the Chq;, Cjoii] and C2800 caused by binary interactions 
are dependent of metallicity and those in the C1500 and Cfir are independent of 
metallicity. The higher is the metallicity, the larger are the differences in the Cna and 
C[on], however, the smaller is the difference in the C2800- 

The ratio of the difference in the conversion factor caused by metallicity to the 
[Fc/H] range, AC casc , z /A[Fc/H], reaches ~0.2 for L H « and Lpii], ~0.1 for L; iUV 
and ~0. 1-0.2 Lfir- The dC ca se,z/d[Fe/H] is different within different [Fe/H] ranges 
and reaches the maximum value near the solar metallicity. At last, the L^uv is not 
suitable to linear calibration of SFR at low metallicities. 

We also obtain the Lho, L[oii]) Li,uv and Lfir for burst, E, SO, Sa-Sd and 
Irr galaxies by using the EPS models of BC03 (0.0001 < Z <0.05), sbss (0.0004 
< Z <0.05), pegase (0.0001< Z <0.1) and POPSTAR (0.0001< Z <0.05), present 
the conversion coefficients between SFR and these diagnostics, discuss the effects of 
the initial mass function and metallicity on these conversion coefficients, and compare 
the conclusions with those from our models. 

Key words: binaries: general - galaxies: fundamental parameters - galaxies: general 



1 INTRODUCTION 

The luminosity of Ha recombination line (I/Ha), the lumi- 
nosity of [OIIJA3727 forbidden line doublet (iron]), the ul- 
traviolet (UV, Lj,uv) and far-infrared (FIR, Lfir) contin- 
uum fluxes ar e the commonly used traces of s t ar for ma- 
tion rate fSFR. lKennicuttil99gh . lGao fc Solomonl (|2004l ) has 
even used HCN as an indicator of SFR. The calibrations of 
SFR in terms of these diagnostics are often obtained at solar 
metallicity and by using the evolutionary population synthe- 
sis (EPS) models without binary interactions, however, we 



E-mail: gssephd@public.km.yn.cn; zhang_fh@hotmail.com 



know that binary systems are common in the Universe and 
the stars are not always at solar metallicity. 

Binary stars are common in the Universe. Upwards of 
50% of field stars are in binary systems. In young mas- 
sive st ellar populations (SPs), the binary fraction is close 
to one jKouwenhoven et al ll2007l:lKobulnickv fc Frver.20071 . 



also the references from Eldridge 20121 ). Moreover, in the 
Tarantula Nebula, the binary frequency among massive stars 
is high, with the ESO's VLT-FLAMES Tarantula Survey 
(VFTS) establishing that approximately two out of three 
massive stars are born in a binary system th at will interact 
during their evolution (from ICrowthe"ill2012f ) . 

IZhang et al] (|2004 ) have included binary interactions 
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in the EPS models. Now, more and more studies began 
to pay an attention t o the effect of binary interactions. 
iHernandez fc Bruzuall ()201ll ) have consider e d bin ary inter- 
actions in their EPS models. ISansom et al.l (|2009l ) have in- 
vestigated the impact o f binar y-star yields on the spectra 
of galaxies. IZhang et al.l (|2009h have investigated the effect 
of binary interactions o n the det e rmina tion of photomet- 
ric re dshift for galaxies. lEldridgd (|2012l ) and IZhang et al.l 
(|2012l ) have investigated the effect of massive binaries 
and binaries on the SFR calibrations, respectively. More- 
over, iHurlev et al.l d2005l) have inclu d ed binary i nterac tions 
in the Nbody4 code (|Aarsethl Il999l ). ISpurzeml (|l999h and 
lAnders et ail (|2012l ) have included binaries in the Nbody6++ 
and STARLAB codes, respectively. At last, some researchers 
have invest igated the effect of b inary interactions on the ob- 
servations ride Griis et al.ll2008l). 



In Paper I (|Zhang et al.ll2012h . we have discussed the 



effect of binary interactions on the SFR calibrations in terms 
of Lhq, i[on]i £i,uv and Lfir at solar metallicity. In this 
paper we will present the calibrations of SFR at non-solar 
metallicities and discuss the effects of binary interactions 
and metallicity on the SFR calibrations. 

The outline of the paper is as follows. In Section 2 we 
describe the used EPS models and algorithms. In Section 
3 we present the conversion coefficients between SFR and 
these tracers and discuss the effects of binary interactions 
and metallicity on these SFR calibrations. In Section 4 we 
present the conversion coefficients between SFR and these 
traces by using the other EPS models and compare our re- 
sults with those from them. Finally we present a summary 
and conclusions in Section 5. 



2 MODELS AND ALGORITHMS 

In order to present the SFR calibrations in terms of 
Lhc, L 15 oo, 1/2800, £[on] and Lfir, we need to present 
these parameters for various types of galaxies. First, it is 
to build various types of galaxies by advantage of EPS 
models and SFR, then it is to compute the above men- 
tioned parameters for various types of galaxies. About the 
descriptions of various EPS model s [including the Yun- 
nan, BC03 dBruzual fc C hariot 20031) , STARBURST99 (here- 
after SB99. iLeitherer etlil 11 19991. l20ld I Vazquez fc Leitherer 
120051 ), PEG ASE jFioc fc Rocca-Volmerangell 1991 1 19991 ) and 
POPSTAR (jMolla et al.ll2009h ]. SFR. the method of build- 
ing various types of galaxies and the algorithms of obtaining 
the above mentioned parameters, we have given in Paper I. 
Here, we only present the simple descriptions of EPS mod- 
els, initial mass functions (IMF) and SFR. In Table [1] we 
present the name of each EPS model in the second column, 
the corresponding IMF [<j>(M) = AN /AM], the lower and 
upper mass limits (Mi and M u ) and metallicity Z in the 
third, fourth and fifth columns, respectively. 



2.1 EPS models 

As said above, the detailed description of various EPS mod- 
els has been presented in Paper I, we refer the interested 
reader to part 2 for them. In Paper I we only use solar- 
metallicity EPS models and present the SFR calibrations at 
solar metallicity. In this paper, we use the EPS models at 



several metallicities (see the fifth column of Table [T]), i.e. in 
the second column of Table 1 in Paper I, the solar metallicity 
is replaced by several metallicities. 

Moreover, for the PEGASE EPS models, we do not 
use the default (i.e. consistent) evolution process of stellar 
metallicity, but present the results at individual metallici- 
ties. 



2.2 IMF 



• In the Yunnan models, the IMF of lMiller fc Scald (|l979l . 
hereafter MS79) is used, its form is as follows: 



<t>{M\ 




0.10 < M < 1.00, 
1.00 < M < 10.0, 
10.0 < M < 100., 



(1) 



where M is the stellar mass in units of M© . 

• In the BC0 3, SB99, pegase and POPSTAR models, the 
ISalpete 3 (|l955l , hereafter S55) IMF is used and its form is 
as follows: 0(M) S55 = M~ a , a = 2.35 and the lower and 
upper mass limits are 0.1 (except the POPSTAR models) 
and 100. M . In the POPSTAR models, the lower mass limit 
of the S55 IMF is 0.15 M , which is different from that of 
the other EPS models, we call S5 5' IMF in Table g] 

• In the BC03 models, the used lChabrieil (|2003l . hereafter 
Cha03) IMF is as follows: 



4>{M)c 



= I CiM^exp 1 
I C2M- 2 ' 3 



-(logiVJ-IogMc)^ 
5^ 



M<1.0, ( 2 ) 
M > 1.0, 



where M c = 0.08 M©, a — 0.69 and M is the stellar mass in 
units of M©. The lower and upper mass limits are 0.1 and 
100.M©. 

• The IMF of lKroupa et all (| 19931 . hereafter K93), which 
is used in the SB99 and PEGASE models, is as follows: 



CiM" 1 ' 3 , 0.10 < M < 0.50, 
C2M- 2 ' 3 , 0.50 < M < 1.00, 



(3) 



C 3 M- 



1.00 < M < 100. 



where Ci = 0.035, C 2 = 0.019, C 3 = 0.019 and M is the stel- 
lar mass in units of M©. Because all coefficients in equation 
((3| are set to 1 for the SB99 models in this study and also 
are 1 in the PE GASE models, we call K93' IMF in Table [T] 
• The IMF of lKroupa et all l|200ll . hereafter K01), which 
is used in the POPSTAR models, is as follows: 



r CiM" ' 30 , 0.01 < M < 0.08, 
<£(M) K01 = < C2M- 1 ' 30 , 0.08 < M < 0.50, 
I C 3 A/~ 2 ' 30 , 0.50 < M < 100., 



(4) 



where M is the stellar mass in units of M©. In the POP- 
STAR models, M l = 0.15 M©. 



2.3 SFR 

Various SFR forms are used to transform SP to galaxies. We 
use a (5-form SFR, six exponentially decreasing SFRs with 
characteristic time decays r = 1,2,3,5,15 and 30Gyr and 
a constant-form SFR to build burst, E, SO, Sa-Sd and Irr 
types of galaxies, respectively. The exponentially decreasing 
SFR is given by 



ip(t) = [1 + eM PG (t)]r 1 exp(-t/^), 



(5) 
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Table 1. Definition of Models (the first column) and description of the used EPS models (from the second to the last columns, including 
the name of each EPS model, IMF, the upper and lower mass limits M\ and M u and metallicity Z). 



Model 


EPS 


IMF 


M h M u 


z 




name 




(M ) 




A/B 


Yunnan 


MS79 


0.10, 100 


0.0001/0.0003/0.001/0.004/0.01/0.02/0.03 


C-S55/Cha03 


BC03 


S55/Cha03 


0.10, 100 


0.0001/0.0004/0.004/0.008/0.02/0.05/ 


D-S55/K93' 


SB99 


S55/K93' 


0.10, 100 


/0.0004/0.004/0.008/0.02/0.05/ 


E-S55/K93' 


PEGASE 


S55/K93' 


0.10, 100 


0.0001/0.0004/0.004/0.008/0.02/0.05/0.10 


F-S55'/K01 


POPSTAR 


S55'/K01 


0.15, 100 


0.0001/0.0004/0.004/0.008/0.02/0.05/ 




29 30 31 32 33 
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Figure 1. Relation between SFR and Lhq of E, SO, Sa, Sb, Sc 
and Sd galaxies [corresponding to r = 1, 2, 3, 5, 15 and 30 Gyr in 
equation {5j, from top to bottom] for Models A (solid rectangles) 
and B (solid circles) at Z = 0.0001 (black), 0.001 (green), 0.01 
(cyan) and 0.03 (red, from right to left). The ages of galaxies are 
in the range from 1 Myr to 15 Gyr. Also shown are the results of 
K98 (dashed line) and B04 (dotted line). 

where r is the e-folding time-scale, Mpc(t) = [1 — 
exp(— t/r)] - Af s tars - Mremnants is the mass of gas that has 
been processed into stars and then returned to the ISM at t, 
M s tars and Af rem nants are the masses of stars and remnants 
at t, and e denotes the fraction of Mpg(£) that can be re- 
cycled into new star formation. In this work, e = 0., i.e. the 
gas could not be recycled into new star formation. 



3 EFFECTS OF BINARY INTERACTIONS 
AND METALLICITY ON SFR 
CALIBRATIONS 

Using the Yunnan EPS models with and without binary 
interactions, various SFR and the algorithms described in 
Paper I, we obtain the luminosity of Ha recombination 
line Lhq, the luminosity of [OII]A3727A forbidden line dou- 
blet L[ ii], the UV fluxes at 1500 and 2800 A, L ; ,uv, and 
FIR flux I/fir of burst, E, SO, Sa-Sd and Irr galaxies at 
Z = 0.0001, 0.0003, 0.001, 0.004, 0.01, 0.02 and 0.03. For the 
sake of clarity, we refer to those using the Yunnan models 
with and without binary interactions as Models A and B, 
respectively. 

Using these two sets of models, we will discuss the ef- 
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Figure 3. The Lfir evolution of Irr galaxies (i.e. models with 
constant star formation, SFR=1Mq) for Models A (solid rectan- 
gles) and B (solid circles) at Z = 0.0001 (black), 0.001 (green), 
0.01 (cyan) and 0.03 (red, from top to bottom). Also shown is the 
result of K98 (green dashed line). 

fects of binary interactions and metallicity on the SFR cal- 
ibrations in terms of Lu a , L[on], ii,uv and Lfir. 

3.1 SFR versus Ln a 

In Fig. [TJ we give the relation between log(SFR) and 
log(Z/Ha) (note the logarithmic scale) of E, SO, Sa- 
Sc and Sd galaxy types in the range from O.lMyr to 
15Gyr for Models A and B. For the sake of clar- 
ity, only the results at metallicity Z=0.0001, 0.001, 
0.01 and 0.03 are presented. Also shown are the 
SFR(L Hq ) calibrations of K98 (SFRHc/Moyr " 1 ^?^ x 
10 _42 LH Q /erg s _1 ) and iBrinchmann et al. (2004. hereafter 
B04, SFR Ha /M Q yr -1 =5.25 x W' 42 L Ha / ergs' 1 ). Both of 
calibration relations are linear and obtained at solar metal- 
licity. 

From Fig. [T] we see that the calibration curves of Mod- 
els A and B at different metallicities are parallel to those of 
K98 and B04. That is to say, SFR varies linearly with Lhq 
at all Z. The calibration line moves upwards when increas- 
ing metallicity for both Models A and B. The reason is as 
follows. When increasing Z, the temperature of stars would 
decrease, hence the UV flux, the number of ionizing photons 
Q(H) and Lu a [see equation (11) of Paper I] would decrease. 
Comparing the results between Models A and B at a given 
metallicity, we can obtain the effect of binary interactions 
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Figure 2. Relations between SFR and Li ; uv of E, SO, Sa, Sb, Sc and Sd galaxies [corresponding to r = 1,2,3,5,15 and 30 Gyr in 
equation J5J, from top to bottom] for Models A (solid rectangles) and B (solid circles) at Z = 0.0001 (black) and 0.03 (red, from right to 
left). Left-hand panel is for L1500 an d right-hand panel is for L2800- Also shown arc the results of K98 (grey dashed line), MPD98 (grey 
dotted line, open and solid triangles are for using the S55 and Scalo IMFs, respectively) and G10 (grey dash-dotted line). 



Table 2. Conversion coefficient between SFR and L Ha and the rms (C Hq , ctro) for Models A, B, C-S55/Cha03, D-S55/K93', E-S55/K93' 
and F-S55'/K01 at different metallicities. The top and bottom parts are for Models A-B and C-F, respectively. For each sub-part, the 
corresponding metallicities are given in the first line. 



Model 








CHa> "Ho 










Z =0.0001 


Z =0.0003 


z =0.001 


Z =0.004 


z =0.01 


Z =0.02 


Z =0.03 


A 


-41.462,0.007 


-41.419,0.007 


-41.361,0.008 


-41.266,0.008 


-41.163,0.008 


-41.056,0.010 


-41.008,0.009 


B 


-41.366,0.007 


-41.311,0.007 


-41.247,0.008 


-41.129,0.010 


-41.022,0.011 


-40.894,0.014 


-40.849, 0.014 




Z =0.0001 


0.0004 


0.004 


0.008 


0.02 


0.05 


0.1 


C-S55 


-41.387, 0.006 


-41.282,0.007 


-41.218,0.007 


-41.174,0.007 


-41.078,0.006 


-40.938,0.011 




C-Cha03 


-41.608,0.005 


-41.503,0.006 


-41.442,0.006 


-41.398,0.006 


-41.303,0.005 


-41.159,0.010 




D-S55 




-41.236,0.000 


-41.134,0.000 


-41.066, 0.000 


-40.922,0.000 


-40.693,0.000 




D-K93' 




-41.434,0.000 


-41.334,0.000 


-41.267, 0.000 


-41.122,0.000 


-40.891,0.000 




E-S55 


-41.384,0.001 


-41.305,0.001 


-41.224,0.001 


-41.160,0.001 


-41.087,0.001 


-40.938,0.001 


-40.950, 0.001 


E-K93' 


-41.085,0.001 


-40.997, 0.001 


-40.899,0.001 


-40.834,0.001 


-40.758,0.001 


-40.617,0.001 


-40.649,0.001 


F-S55' 


-41.414,0.285 


-41.394,0.298 


-41.197,0.213 


-41.136,0.170 


-41.035,0.133 


-40.920,0.090 




F-K01 


-41.595,0.398 


-41.538,0.399 


-41.332,0.309 


-41.231,0.264 


-41.092,0.189 


-40.986,0.150 





on the SFR(Lhq ) calibration. From Fig. \T\ we see that the 
calibration curve of Model A locates below that of Model 
B at all Z, and the distance from the calibration curve of 
Model A to Model B increases with Z. Why the calibration 
curve of Model A locates below that of Model B and the 
effect of binary interactions increases with Zl The reason is 
that binary interactions can produce some hotter stars at all 
Z, the produced hotter stars have relatively significant con- 
tribution to the UV flux and Lh q at high Z because that the 
temperature of stars in SPs would decrease with increasing 
Z. 

To quantitatively analyze the effects of binary interac- 
tions and metallicity on the conversion coefficient between 
SFR and Liia, we give a fitting relation between log(SFR) 
and log(L Ha ) when log(SFR)> -11 and Alog(SFR) > 0.05 
for Models A and B by the following form: 



lo 



SFRhc 



-j-T + Chc, 



(6) 



(M Q yr" 1 ) (ergs' 1 ) 
where SFRh q means that it is calculated from Lua- This 



form of fitting (equation |SJ is the same as that of K98 and 
MPD98. In Tabled we present the fitting coefficient (C H «) 
and the rms (<7h„) for all models, the results of Models A 
and B are presented in the second and the third lines. 

From Tabled we see that Chq increases and (jh q shows 
little change when increasing Z for both Models A and B. 
The inclusion of binary interactions makes Cho smaller and 
the effect of binary interaction increases with Z, this also 
can be seen from the first line of Table [3] in which we give 
the differences in the conversion coefficients between Models 
A and B, AC C asc,Bi, at different metallicities. The inclusion 
of binary interactions makes Chq smaller by ~0.1dex at 
Z=10~ 3 and ~0.2dex at Z=0.03. 

Comparing the conversion coefficient at different metal- 
licities for a given set of models, we can obtain the effect of 
metallicity on the SFR calibration. In the second column 
of Table [3] we give the differences in the conversion coeffi- 
cients AC C asc,z between at the highest and lowest metallic- 
ities (A[Fe/H]) and AC C aso,z/A[Fe/H] for all models. From 
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Table 3. Differences in the conversion coefficients between Models A and B, AC casei Bli m terms of Ljj q , £l500> ^2800, ^[OII] anc l ^FIR 
at metallicity Z=0.0001, 0.0003, 0.001, 0.004, 0.01, 0.02 and 0.03 (i.e. the effect of binary interactions). 



AC caso ,Bi(dex) 


Z=0.0001 


0.0003 


0.001 


0.004 


0.01 


0.02 


0.03 


ACH a ,Bi 


0.096 


0.108 


0.114 


0.138 


0.141 


0.161 


0.160 


ACi5oo,BI 


0.077 


0.071 


0.069 


0.063 


0.063 


0.069 


0.067 


AC2800,BI 


0.156 


0.134 


0.113 


0.087 


0.074 


0.072 


0.070 


AC[on],BI 


0.096 


0.108 


0.114 


0.138 


0.141 


0.161 


0.160 


ACfir^bi 


~0.050 


~0.050 


~0.050 


~0.050 


~0.050 


~0.050 


~0.050 



Table 4. Differences in the conversion coefficients between at the lowest and highest mctallicities AC cssei z, AC casCj z/A[Fe/H] (the 
second column) and the variation rates of the conversion coefficients with metallicity dC caae z/d[Fe/H] (from the third to the last 
columns) for Models A, B, C-S55/Cha03, D-S55/K93', E-S55/K93' and F-S55'/K01 (only for the case of L Hq ). The top, middle and 
bottom parts are for the cases of Chu, C1500 and C2800> respectively. In each part, the top and bottom sub-parts are for Models A-B 
and C-F/E, respectively. Moreover, in each sub-part, the metallicity ranges are given in the first line. 



Model 


a ri ACJ Ha ,z 
L±^Ha,Z, A(Fe/Hl 

(dex) 








dC H „,Z 
d[Fc/H] 












[Fe/H]:-2.3~ 


-1.8 


-1.8—1.3 


-1.3—0.7 


-0.7—0.3 


-0.3~ 0.0 


0.0~0.2 


A 


0.4537, 0.181 


0.0870 




0.1158 


0.1573 


0.2577 


0.3590 


0.2355 


B 


0.5171, 0.207 


0.1106 




0.1282 


0.1963 


0.2675 


0.4253 


0.2265 






[Fe/H] :-2.3- 


-1.7 


-1.7—0.7 


-0.7—0.4 


-0.4~ 0.0 


0.0~ 0.4 


0.4~ 0.7 


C-S55 


0.4486, 0.166 


0.1743 




0.0646 


0.1467 


0.2378 


0.3507 






n aasr 1 f\R 

U.ft^oo, U.1UO 








1440 


9ZL00 


u.jjyu 




D-S55 


0.5434, 0.259 






0.1019 


0.2253 


0.3600 


0.5748 




D-K93' 


0.5426, 0.258 






0.0994 


0.2240 


0.3638 


0.5762 




E-S55 


0.4344, 0.145 


0.1313 




0.0811 


0.2120 


0.1845 


0.3722 


-0.0393 


E-K93' 


0.4358, 0.145 


0.1463 




0.0976 


0.2173 


0.1900 


0.3515 


-0.1047 


F-S55' 


0.4939, 0.183 


0.0332 




0.1974 


0.2037 


0.2513 


0.2875 




F-K01 


0.6092, 0.226 


0.0962 




0.2060 


0.3353 


0.3470 


0.2653 




Model 


ACl500,Z, A[Pe/H] 
(dex) 








dCi500,Z 
d[Fc/H] 












[Fe/H]:-2.3~ 


-1.8 


-1.8~-1.3 


-1.3—0.7 


-0.7—0.3 


-0.3~ 0.0 


0.0~0.2 


A 


0.2787, 0.111 


0.0598 




0.0686 


0.1177 


0.1388 


0.1887 


0.1590 


B 


0.2691, 0.108 


0.0478 




0.0648 


0.1077 


0.1390 


0.2067 


0.1530 






[Fe/H]:-2.3- 


-1.7 


-1.7—0.7 


-0.7—0.4 


-0.4~ 0.0 


0.0~ 0.4 


0.4~ 0.7 


C-S55 


0.2140, 0.080 


0.0593 




0.0535 


0.0627 


0.1393 


0.1260 




C-Cha03 


0.2011, 0.074 


0.0547 




0.0502 


0.0537 


0.1342 


0.1207 




D-S55 


0.1992, 0.095 






0.0525 


0.1137 


0.1260 


0.1555 




D-K93' 


0.1895, 0.090 






0.0485 


0.1073 


0.1178 


0.1543 




E-S55 


0.2401, 0.080 


0.0258 




0.0421 


0.0913 


0.1120 


0.1745 


0.1350 


E-K93' 


0.3232, 0.108 


0.0520 




0.0678 


0.1513 


0.1650 


0.2003 


0.1090 


Model 


AC2800.Z, A[Pc/H ] 
(dex) 








dC 2 800,Z 
d[Fc/H] 












[Fe/H]:-2.3- 


-1.8 


-1.8—1.3 


-1.3—0.7 


-0.7~-0.3 


-0.3~ 0.0 


0.0~0.2 


A 


0.3372, 0.135 


0.0688 




0.1258 


0.1590 


0.1665 


0.1853 


0.1115 


B 


0.2515, 0.101 


0.0264 




0.0830 


0.1152 


0.1337 


0.1807 


0.1000 






[Fe/H]:-2.3- 


-1.7 


-1.7—0.7 


-0.7—0.4 


-0.4~ 0.0 


0.0~ 0.4 


0.4~ 0.7 


C-S55 


0.1647, 0.061 


0.0487 




0.0614 


0.0437 


0.0850 


0.0675 




C-Cha03 


0.1474, 0.055 


0.0432 




0.0564 


0.0333 


0.0773 


0.0605 




D-S55 


0.1381, 0.066 






0.0490 


0.0960 


0.0760 


0.0747 




D-K93' 


0.1250, 0.060 






0.0444 


0.0883 


0.0645 


0.0707 




E-S55 


0.2034, 0.068 


0.0342 




0.0455 


0.0777 


0.0802 


0.1108 


0.1257 


E-K93' 


0.3041, 0.101 


0.0593 




0.0764 


0.1457 


0.1468 


0.1485 


0.1010 
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Table 5. Similar to Tablc[2] but for Cisoo and for Models A, B, C-S55/Cha03, D-S55/K93' and E-S55/K93'. The top and bottom parts 
are for Models A-B and C-E, respectively. 



Model C1500, CT1500 





Z =0.0001 


Z =0.0003 


Z =0.001 


Z =0.004 


Z =0.01 


Z =0.02 


Z =0.03 


A 


-28.315,0.086 


-28.285,0.072 


-28.251,0.061 


-28.180,0.032 


-28.125,0.024 


-28.068,0.022 


-28.036,0.016 


B 


-28.238,0.048 


-28.214,0.044 


-28.182,0.039 


-28.117,0.025 


-28.062,0.017 


-28.000,0.011 


-27.969,0.009 




Z =0.0001 


0.0004 


0.004 


0.008 


0.02 


0.05 


0.1 


C-S55 


-28.120,0.045 


-28.084,0.039 


-28.031,0.027 


-28.012,0.023 


-27.956,0.019 


-27.906,0.017 




C-Cha03 


-28.309, 0.042 


-28.276, 0.037 


-28.226,0.026 


-28.210,0.022 


-28.156,0.019 


-28.108,0.017 




D-S55 




-28.033,0.029 


-27.980,0.016 


-27.946,0.011 


-27.896, 0.007 


-27.834,0.005 




D-K93' 




-28.198,0.027 


-28.150,0.015 


-28.118,0.011 


-28.070, 0.006 


-28.009,0.005 




E-S55 


-28.099,0.032 


-28.084,0.026 


-28.042,0.015 


-28.014,0.010 


-27.969,0.006 


-27.900,0.003 


-27.859,0.002 


E-K93' 


-28.038,0.054 


-28.007, 0.045 


-27.939,0.026 


-27.894,0.018 


-27.828,0.010 


-27.747,0.005 


-27.715,0.003 



Table 6. Similar to Tablc[2] but for C 2 800 and for Models A, B, C-S55/Cha03, D-S55/K93' and E-S55/K93'. The top and bottom parts 
are for Models A-B and C-E, respectively. 



Model C28OO, CT28OO 





z =0.0001 


Z =0.0003 


z =0.001 


Z =0.004 


z =0.01 


Z =0.02 


Z =0.03 


A 


-28.337,0.268 


-28.303, 0.232 


-28.240,0.185 


-28.145,0.120 


-28.078, 0.087 


-28.022,0.068 


-28.000, 0.053 


B 


-28.182,0.097 


-28.169,0.086 


-28.127,0.070 


-28.058,0.049 


-28.004,0.034 


-27.950,0.023 


-27.930,0.018 




z =0.0001 


0.0004 


0.004 


0.008 


0.02 


0.05 


0.1 


C-S55 


-28.003, 0.093 


-27.974, 0.078 


-27.912,0.047 


-27.899, 0.036 


-27.865,0.027 


-27.838,0.020 




C-Cha03 


-28.183,0.087 


-28.157,0.073 


-28.101,0.044 


-28.091,0.034 


-28.060,0.026 


-28.036,0.020 




D-S55 




-27.920, 0.063 


-27.871,0.037 


-27.842,0.027 


-27.812,0.015 


-27.782,0.010 




D-K93' 




-28.078, 0.059 


-28.033,0.035 


-28.007,0.025 


-27.981,0.014 


-27.953,0.009 




E-S55 


-28.001,0.072 


-27.981,0.058 


-27.935,0.033 


-27.912,0.023 


-27.880,0.013 


-27.836,0.006 


-27.798, 0.004 


E-K93' 


-27.986,0.113 


-27.950,0.093 


-27.874,0.055 


-27.830, 0.039 


-27.771,0.022 


-27.712,0.011 


-27.682,0.008 



the second and the third lines of the top part, we can that 
the discrepancy in Cho between at Z = 0.0001 and 0.03 can 
reach ~0.45dex and ~0.52dex, AC Ha ,z/A[Fe/H] are ~0.18 
and ~0.21 for Models A and B, respectively, i.e. the inclusion 
of binary interactions lowers the sensitivity of metallicity to 
Chq- However, the variation rate of conversion coefficient 
with metallicity (dC ca so,z/d[Fe/H]) is different within dif- 
ferent metallicity ranges, thus we give them in the 3rd-8th 
columns of Table 0] From the second and the third lines of 
the top part, we see that dCH Q ,z/d[Fe/H] reaches the max- 
imal value near the solar metallicity (~0.36 and ~0.43). 



3.2 SFR versus Lisoo and SFR versus L2800 

In Fig. [2] we give the relations between log(SFR) and 
the logarithmic UV luminosities at 1500 and 2800 A of 
E, SO-Sd types of galaxies for Models A and B. For 
the sake of clarity, only the results at Z=0.0001 and 
0.03 are presen ted in Fig. [2] Also shown are the 



suits of K98. iMadau et aTT(|l998l . hereafter MPD98) 
and iGilbank et all l|2010l . hereafter G10). K98 gives 
SFRuv/Moyr-^l^xlO-^Li.uv/ergs^Hz- 1 , MPD98 
gives SFRuv/M Q yr' 1 =Cxl0^ 28 J Li iU v/ergs" 1 Hz" 1 , where 
C=(1.25, 2.86) for L1500 and C=(l . 2 6, 1.9 6) for Lasoo when 
using the IMFs of S55 and IScalol |l986T l, and G10 gives 
SFRuv/Moyr" 1 = 0.71 x 10- 28 Li, uv /erg s" 1 Hz" 1 . 

First, from the left-hand panel of Fig. O we see that 
at Z — 0.03, Lisoo varies linearly with SFR (in comparison 



with the lines of K98, MPG98 and G10) and the SFR(Li 50 o) 
calibration curves overlap (coincide) for all galaxy types 
(from E to Sd) for both Models A and B. The inclusion 
of binary interactions can lower the conversion coefficient 
by the same amount for all galaxy types. At Z=0.0001, the 
calibration curves do not display the same calibration rela- 
tion for all galaxy types (out of alignment /not in a line, the 
difference of ~0.4dex), only display a linear relation for the 
late types. The earlier (i.e. r decreases) is the galaxy type, 
the more is the deviation from the linear SFR-L1500 relation 
(the larger is the slope of calibration curve) and the lower is 
the location of the SFR(Lisoo) calibration curve. 

From the right-hand panel of Fig. [2] we see that the 
SFR(I/280o) calibration is similar to that of SFR(Lisoo), but 
there are two exceptions. One is at Z=0.03, the SFR(L 2 8oo) 
calibration is not unique for all galaxy types (the difference 
of less than 0.05 dex), while is unique for the SFR(Lisoo) cal- 
ibration. The second is at Z=0.0001, the calibration curves 
do not display a linear calibration relation for all galaxy 
types, while only for the early types in the case of Lisoo- 
Moreover, the deviation from the linear SFR-L2800 relation 
(slope > 1) is far larger than that in the case of Lisoo. This 
phenomenon means that L2800 can not be used in the linear 
calibration of SFR at low- metallicity end. 

Also, for the purpose of quantitative analyse, in Ta- 
bles [S] and [FJl we give the linear fitting coefficients (C1500 
and C2800) and rms (crisoo and 02800) between log(SFR) and 
log(Li5oo) and between log(SFR) and log(Z/280o) for all mod- 
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els. From the second and the third lines of Tables [5] and [6l 
we see that C1500 and C2800 increase and 01500 and 02800 
decrease when increasing Z for both Models A and B. The 
relative large rms at low metallicities is caused by the non- 
unique relation among all galaxy types and the non-linear 
relation between log(SFR) and log(Li.uv) for both Models 
A and B. 

From the differences in the C1500 and C2800 between 
Models A and B (ACisoo.bi and AC2800,bi) at different 
metallicities, which are presented in the second and the third 
lines of Table [3] we see that the effect of binary interactions 
does not vary with Z for Cisoo (~0.07dex) and decreases 
with Z for C28O0 (0.16-^0.07 dex). 

At last, from the second and the third lines in the 
middle and bottom parts of Table [4] we see that the dis- 
crepancy in C1500 between at Z=0.0001 and 0.03 reaches 
~0.28dex and ~0.27dex, that in C2800 reaches ~0.34dex 
and ~0.25dex, ACi 5 oo,z/A[Fe/H] is ~0.11 and ~0.11 and 
AC 2 800,z/A[Fe/H] is ~0.14 and ~0.10 for Models A and B, 
respectively, i.e. the inclusion of binary interactions raises 
the sensitivity of metallicity to the SFR(Z/2soo) calibration. 
The dCi500,z/d[Fe/H] and dC 2 800,z/d[Fe/H] are different 
within different metallicity ranges and also reach the max- 
imal value near the solar metallicity (~0.20) for Models A 
and B. 



3.3 SFR versus L[oii] 

In this work, the luminosity of the [OII]A3727A forbid- 
den line doublet, Lron], is obtained by using the empir- 
ical ratio -L[qhi /Z/Hn =0.23, which is used in the work of 
Irlopkins et al.l (|2003T l. Because the fixed Lroni/^Ha ratio is 
used, the SFR(L[on]) calibration curve moves upwards by an 
amount of lg(l/0.23) in comparison with that of SFR(Lhq) 
in Fig. [1] The effects of binary interactions and metallicity 
on the SFR(L[on]) calibration are the same as those on the 
SFR(Lhq) calibration. In the fourth line of Table |3j we give 
the difference in C[on] between Models A and B at different 
metallicities. 



3.4 SFR versus Lfir 

For the SFR calibrations in terms of Lfir, it is from the 
models with constant SFR under the assumption of the bolo- 
metric luminosity Lbol=Lfir. 

In Fig. [3] we give the Lfir evolution of Irr galaxies 
(i.e. models with constant SFR) for Models A and B. For 
the sake of clarity, only the results at Z=0.0001, 0.001, 0.01 
and 0.03 are presented. Also shown are the result of K98 
(SFR F iR/M Q yr~ 1 = 4.5 x 10~ 44 L F m/erg s _1 ). From it, we 
see that SFR does not vary linearly with Lfir, the inclusion 
of binary interactions raises the Lfir by about 0.05 dex at all 
metallicities (see the fifth line of Table [3j . The lower is the 
metallicity, the larger is the deviation from the linear SFR- 
Lfir relation. The effect of metallicity on the SFR(Lfir) 
calibration reaches ~0.3dex. 




30 35 40 

log i H c< ( era - s_1 ) 



Figure 4. Relation between SFR and Lfja for Models A (solid 
circles), B, C-S55 (circles), C-Cha03, D-S55 (circles), D-K93', 
E-S55 (circles), E-K93', F-S55' (circles) and F-K01 at different 
metallicities. For Models C-F, the results are moved upwards 
along the diagonal line, respectively. For Models A/B and F- 
S55'/K01, E, SO and Sa-Sd types (from top to bottom) are 
included, while for Models C-S55/Cha03, D-S55/K93' and E- 
S55/K93', only E type is included. For Models A/B, Z=0.0001 
(black), 0.004 (blue) and 0.03 (green, from right to left) are 
included, for Models C-S55/Cha03 and F-S55'/K01, Z=0.0001 
(black), 0.0004 (red) and 0.05 (magenta) are included, for Models 
D-S55/K93', Z=0.0004 (red) and 0.05 (magenta) are included, 
and for Models E-S55/K93', Z=0.0001 (black), 0.0004 (red), 0.05 
(magenta) and 0.1 (green) are included. Note the color is the 
same at a given Z. At last, also shown are the results of K98 
(grey dashed line) and B04 (grey dotted line). 




J 1 1 1 1 I 1 1 1 1 I 1 1 1 1 L_ 

7 8 9 10 

log t (yr) 



Figure 6. The Lfir evolution of Irr galaxies (i.e. models with 
constant star formation, SFR=1M ) for Models A/B, C-S55/C- 
Cha03, D-S55/D-K93' and E-S55/E-K93'. The line colour and 
symbol have the same meanings as in Fig. [4] Also shown is the 
result of K98 (green dashed line) . The results of Models C-E and 
K98 are moved upwards, respectively. 
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Figure 5. Relations between SFR and L ijUV for Models A/B, C-S55/C-Cha03, D-S55/D-K93' and E-S55/E-K93' at different metallici- 
ties. Left-hand panel is for L1500 and right-hand panel is for 1/2800- The line colour and symbol have the same meanings as in Fig. [4] For 
Models C-E, the results are moved upwards along the diagonal line, respectively. Also shown arc the results of K98 (grey dashed lino), 
MPD98 (grey dotted line, open and solid triangles arc for using the S55 and Scalo IMFs, respectively) and G10 (grey dash-dotted line). 



Table 7. Differences in the conversion coefficients between by 
using the two IMFs, AC ca se,lMF, for Models C, D, E and F (only 
for C Hq ) at metallicity Z=0.0001, 0.0004, 0.004, 0.008, 0.02, 0.05 
and 0.1. The top, middle and bottom parts are for the cases of 
AChb, AC1500 and AC28OO, respectively. 



Model 


0.0001 


0.0004 


0.004 0.008 


0.02 


0.05 


0.1 








AC Hq,IMF (dex) 








C 


-0.221 


-0.221 


-0.224 -0.225 


-0.224 


-0.221 




D 




-0.198 


-0.200 -0.201 


-0.199 


-0.199 




E 


0.299 


0.308 


0.325 0.326 


0.329 


0.320 


0.301 


P 


-0.181 


-0.143 


-0.135 -0.095 


-0.057 


-0.066 










AC 1500,IMF ( dcx ) 








C 


-0.190 


-0.192 


-0.196 -0.198 


-0.200 


-0.202 




D 




-0.165 


-0.169 -0.171 


-0.174 


-0.175 




E 


0.061 


0.077 


0.103 0.121 


0.142 


0.152 


0.144 








AC 2800,IMF i dex ) 








C 


-0.1S0 


-0.184 


-0.189 -0.192 


-0.195 


-0.198 




D 




-0.158 


-0.162 -0.165 


-0.169 


-0.171 




E 


0.015 


0.030 


0.061 0.082 


0.108 


0.123 


0.116 



Table 8. The differences in the conversion coefficients, 
AC casc 

factor? caused by the adoption of different EPS models, 
metallicity and fMF. 



Case 


EPS 


Z 


IMF 


ACh q , factor (dex) 


~0.2 


0.43-0.61 


0.06-0.33 


AC1500, factor (dex) 


~0.2 


0.19-0.32 


0.06-0.20 


AC 28 00, factor (dex) 


~0.2 


0.13-0.34 


0.02-0.20 


AC F i Ri f actor (dex) 


~1.2 


~0.3-0.6 


small 



4 SFR CALIBRATIONS BY USING THE 
OTHER EPS MODELS 

To discuss the effect of metallicity on the SFR calibrations 
when using the other EPS models and compare them with 
our results, in this section we will present the SFR(Lhq), 
SFR(Li,uv), SFR(L[on]) and SFR(Lfir) calibrations by us- 
ing the BC03, SB99, pegase and POPSTAR EPS models. 
These EPS models (including the used parameters, physics, 
IMF, Mi, M u and metallicity) have been described in Sec- 
tion 2. These four sets of results are referred to as Models C, 



D, E and F, respectively. For each set of results, two subsets 
are considered, depending on the IMF. To distinguish them, 
the name of used IMF is the supplement to the model name 
(see the first column of Table [TJ . 

In this section, we first obtain the Lhh, Li.uv, £[011] 
and Lpir of burst, E, SO, Sa-Sd and Irr types of galaxies by 
using the above EPS models at their own metallicities (see 
the fifth column of Table [T}, then give the linear fitting coef- 
ficients between log(SFR) and log(LHa), between log(SFR) 
and log(Li5oo) and between log(SFR) and log(L2soo) in Ta- 
bles [5] [S]and[Sl and their variation rates with metallicity in 
the upper, middle and bottom parts of Table [4] 

4.1 SFR versus Lho 

First, we study the relation between SFR and Lua for 
Models C-S55/Cha01, D-S55/K93', E-S55/K93' and F- 
S55'/K01, and find that SFR varies linearly with Ln a (the 
slope d(logSFR)/d(logLH Q ) ~ 1.) for all galaxy types, metal- 
licities and models except the F-S55'/K01 models (SFR 
varies linearly with Lh q only for all types of metal-rich 
galaxies, while not true for E-Sd types of metal-poor galax- 
ies). Therefore, for the sake of clarity, in Fig. [4] we only give 
the relation between log(SFR) and log(LHa) of E, SO, Sa, Sb, 
Sc and Sd types for Models A/B at Z=0.0001, 0.004 and 0.03 
and for Models F-S55/K01' at 2=0.0001, 0.0004 and 0.05, 
that of only E type for Models C-S55/Cha03 at Z=0.0001, 
0.0004 and 0.05, for Models D-S55/K93' at 2=0.0004 and 
0.05 and for Models E-S55/K93' at 2=0.0001, 0.0004, 0.05 
and 0.1. The reason we choose these metallicities (high- 
lighted in red in Table [TJ for a given set of models is that 
the value is either the upper/lower limit or the common 
one. Moreover, for the sake of clarity, the log(SFR) ver- 
sus log(LHa) calibration curves of Models C-F in Fig. [3] are 
moved upwards along the diagonal line [i.e. log(SFR) and 
log(Z/Ha) are multiplied by the same factor for a given set 
of models]. At last, we also give the results of K98 and B04 
in Fig. H 

From Fig. [4] we see exactly that the slope 
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dlog(SFR)/dlog(L HQ ) is similar to those of K98 and B04 for 
all models at all Z (except Models F-S55'/K01 at low metal- 
licities), i.e. SFR varies linearly with Leu at all Z. The slope 
of calibration curve for Models F-S55'/K01 deviates from 
those of K98 and B04 at low metallicities, i.e. Lna does 
not vary linearly with SFR at low metallicities. The calibra- 
tion curve moves upwards with increasing metallicity, i.e. 
the conversion factor increases (this also can be seen from 
the values in Table [5J , but there are an exception: Models 
E-S55/K93' in the [Fe/H] range from 0.4 to 0.7. The value 
of dCHt»,z/d[Fe/H] is negative within this range for Model 
E (see the top panel of Table 3| . The reason that Ch q in- 
creases with Z is that the temperature of stars decreases 
with increasing Z. 

[Fe/H]: From the top part of Table |4j we see that 
the difference in the Cn a caused by metallicity, ACho.z, 
reaches ~0.43-~0.61 dex, AC Ha ,z/A[Fe/H] is within ~0.15- 
~0.26, dC Ha ,z/d[Fe/H] is different within different [Fe/H] 
ranges and reaches the maximum value at high metallic- 
ity for all models. For Model D, AC Ha ,z/A[Fe/H] and 
the maximum value of dCHt»,z/d[Fe/H] are the largest 
(dC HQ ,z/d[Fe/H]~0.57 in the [Fe/H] range from 0.0 to 0.4) 
in comparison with the other models. 

IMF: In Table [7] we give the differences in the conver- 
sion coefficients between by using the two IMFs, AC ca se,iMF, 
for Models C-F/E. From the top part, we see that AChq.imf 
is independent of Z for Models C, D and E (=C case: s55/s55/- 
C C asc,Cha03/K93'/K0i, ~-0.2, ~-0.2 and ~0.3dex, respec- 
tively), the absolute value for Model F decreases with in- 
creasing Z (~0.18dex and ~0.07dex at Z=0.0001 and 0.05, 
respectively). The larger AChq.imf at low metallicities for 
Model F is caused by the deviation from the linear SFR-Z/Ha 
relation. 

EPS and other: From Table [2] we see that the differ- 
ence in the Chq reaches ~0.55 dex at Z=0.02 among Models 
A-F [the 7th and the 6th column for Models A-B and C-F] 
and ~0.52 dex at Z=0.0001 among Models A-C and E [the 
second column, excluding Model F because of the non-linear 
SFR-Lhq relation]. This kind of difference is comparable to 
that caused by metallicity, and mainly is caused by the dif- 
ferences in the adoption of EPS models, the algorithm of 
obtaining Ln a and IMF. 

From Table [2] we also see that the difference in the 
Chc* is ~0.18dex among Models B, C-S55, D-S55, E-S55 
and F-S55' at Z=0.02 and ~0.02 dex among Models B, C- 
S55 and E-S55 at Z=0.0001. That is to say, the difference 
in the Cho, caused by the adoptions of different EPS mod- 
els and the algorithm of obtaining Ln a , is less than 0.2 dex. 
For Models A-C and D, the algorithm of obtaining Lua and 
the companied coefficients (see equation 11 in Paper I) are 
the same, so the difference in the corresponding EPS mod- 
els produces the difference in Cua among these models. For 
Model E, the algorithm of obtaining Lua is different from 
that of Models A-D. For Model F, the algorithm is the same 
but the coefficients depend on Z and the electronic tem- 
perature. Therefore, it is the differences in the algorithm 
(including the coefficients) and EPS models that produce 
the difference in Chq- 



4.2 SFR versus L1500 and SFR versus L2800 

In Fig. [5] we give the relations between log(SFR) and 
log(L;, uv ) for Models A, B, C-S55/Cha01, D-S55/K93' and 
E-S55/K93'. For a given set of models, the selected galaxy 
types and metallicities are the same as those in Fig. [4] Sim- 
ilarly, the results of Models C, D and E are moved upwards 
along the diagonal line. In Fig. [S] we also give the results of 
K98, MPD98 and G10. 

From the left- and right-hand panels of Fig. [5] we see 
that the calibration curves of SFR versus L1500 and SFR 
versus L2800 for Models C, D and E are similar to the cor- 
responding ones for Models A and B. SFR varies linearly 
with 1/1500 and L2800 [the slope log(SFR)/log(L iiU v) ~ 1, 
in comparison with those of K98, MPD98 and G10] at all 
metallicities except the early types at low metallicities (more 
significant for L2800), and at Z=0.0001 the SFR(Li,uv) cal- 
ibration is not unique for all galaxy types. The conversion 
coefficients increase with increasing Z. The linear fitting co- 
efficients, between SFR and L1500 and between SFR and 
£2800, are presented in Tables [5] and [6] respectively. 

[Fe/H]: From the middle part of Table UJ we see that 
the ACisoo.z and ACisoo,z/A[Fe/H] are in the ranges of 
~0. 19-0. 32 dex and ~0.07-~0.11 for all models. Both values 
are the largest for Model E-S55'. From the bottom part of 
Table 21 we see that AC2800,z and AC2800,z/A[Fe/H] are 
within ~0.13-~0.34 dex and ~0.06-~0.14 for Models A-E. 
For a given set of models, the value of ACisoo,z/A[Fe/H] is 
greater than AC2800,z/A[Fe/H], i.e. L1500 is more sensitive 
to metallicity. Also, dCisoo,z/d[Fe/H] and dC2800,z/d[Fe/H] 
are different within different [Fe/H] ranges and reach the 
maximum value near the solar metallicity (similar to that of 
dC Ha /d[Fe/H]). 

IMF: From the middle and bottom parts of Table 
we see that ACisoo.imf and AC2800,imf are independent of 
Z for Models C and D (~ -0.2 dex and ~-0.17dex, respec- 
tively). The absolute ACisoo.imf and AC2soo,imf decrease 
with increasing Z for Model E (difference of ~0.1dex), this 
is different from the case of AChc«,imf for Model E (indepen- 
dent of Z). Similarly, the larger ACisoo.imf and AC2soo,imf 
at low metallicities for Model E are partly caused by the 
non-unique relation for all galaxy types and non-linear rela- 
tion between SFR and Li.uv- 

EPS: From the SFR(Li 50 o) and SFR(L 2 soo) calibration 
curves in Fig. [S] and the conversion coefficients in Tables 
and[S]for all models, we see that the differences in C1500 and 
C2800 are ~0.33 and 0.29 dex at Z=0.02 for Models A-E [the 
7th and 6th column for Models A-B and C-E] and ~0.28 and 
0.33 dex at Z=0.0001 among Models A-C and E [the second 
column, comparable to those caused by metallicity). Also 
the differences are mainly caused by the differences in the 
IMF and the adoption of EPS models. From Tables [5] and 
[6] we see that the differences in C1500 and C2800 are ~0.10 
and 0.24 dex among Models B, C-S55 D-S55 and E-S55 at 
Z=0.02 and ~0.14 and 0.18 dex at Z=0.0001 among Models 
B, C-S55 and E-S55, so the adoption of EPS models causes 
to the difference of ~0.2dex in the C1500 and C2800- 



4.3 SFR versus -Lfir 

In Fig. [6] we give the evolution of bolometric magnitude of 
Irr galaxies for Models A, B, C, D and E. For a given set of 
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models, the selected galaxy types and metallicities are the 
same as those in Fig. [4] Also shown are the result of K98. 
Similarly, the results of Models C, D and E and the result 
of K98 are moved upwards. 

From Fig. [6l we see that the effect of metallicity on 
the SFR versus Lfir calibration for Models C-E is similar 
to that for Models A-B: Cfir increases with increasing Z, 
the difference in the conversion factor by metallicity reaches 
~0. 3-0. 6 dex. The difference in Cfir caused by EPS mod- 
els reaches ~1.2dex, which is two/more times larger than 
that caused by metallicity. The difference in Cfir caused by 
IMF is insignificant in comparison with that caused by EPS 
model and metallicity. 

4.4 Comparison among various effects 

In this part, we will summary and compare the effects of 
EPS models, metallicity and IMF on the conversion coeffi- 
cients. From Section 4.1-4.3, we see that the differences in 
the Cho, C1500, C2800 and Cfir among Models A-E/F reach 
~0.5, ~0.3, ~0.3 and ~1.2dex. However, after excluding the 
effects of IMF and algorithm, we see that the differences in 
Chq, C1500, C2800 and Cfir, which solely caused by EPS 
models, are ~0.2, ~0.2, ~0.2 and ~1.2dex. 

In Table[8] we summary the differences in the conversion 
coefficients caused by the adoption of different EPS models, 
metallicity and IMF. The values in the 3rd-4th columns of 
Table [8] are from Tables [4] and [7] respectively. From it, we 
see that the difference in the Cho caused by metallicity is 
two times larger than that caused by the adoption of differ- 
ent EPS models and IMF (the first line). The difference in 
the SFR(Lfir) calibration caused by the adoption of EPS 
models is two/more times larger than that caused by metal- 
licity, and the effect of IMF on the SFR(Lfir) calibration 
is small (the last line). As for ACi,uv, the effects of EPS 
models, IMF and metallicity are comparable. 



5 SUMMARY AND CONCLUSIONS 

Using the Yunnan EPS models with and without binary in- 
teractions, we present the Lua, L[oii]> £i,uv and Lfir for 
burst, E, SO, Sa-Sd and Irr galaxies, the conversion coef- 
ficients between SFR and these diagnostics at Z =0.0001, 
0.0003, 0.001, 0.004, 0.01, 0.02 and 0.03, and discuss the 
effects of binary interactions and metallicity on these cal- 
ibrations of SFR. Our conclusions are as follows, (i) The 
Li.uv is not suitable to the linear calibration of SFR at low 
metallicities. (ii) The effect of binary interactions on the 
SFR calibrations is as follows. The inclusion of binary inter- 
actions lowers the SFR versus Lho and SFR versus iron] 
conversion factors by ~0. 1-0. 2 dex, the SFR versus L1500 by 
~0.1dex, the SFR versus L2800 by ~0. 2-0.1 dex, but raises 
the SFR versus Lfir by ~0.05 dex. The differences in these 
conversion coefficients are dependent of metallicity for Lua, 
iron] and Z/2800, independent for L1500 and Lfir- The higher 
is the metallicity, the larger are the differences in the SFR 
versus Lua and SFR versus I/[on] conversion factors, while 
the smaller is the difference in the SFR versus L2800 con- 
version coefficient, (iii) The effect of metallicity on the SFR 
calibrations is as follows. AC C asc,z/A[Fe/H] reaches ~0.2 
for Z/Hq and Z40111, ~0.1 for L^uv and ~0. 1-0.2 for Lfir. 



The dC C ase,z/d[Fe/H] is different within different metallic- 
ity ranges and reaches the maximum value near the solar 
metallicity. 

We also obtain the Lua, £[on]i £i,uv and Lfir for 
burst, E, SO, Sa-Sd and Irr galaxies by using the BC03 
(0.0001< Z <0.05), SB99 (0.0004 < Z <0.05), pegase 
(0.0001< Z <0.1) and POPSTAR (0.0001< Z <0.05) mod- 
els, and present the conversion coefficients between SFR and 
these diagnostics. For these models, we discuss the effects of 
IMF and metallicity on these SFR calibrations, and com- 
pare the conclusions with those from our models. By com- 
parisons, we find that the conclusions are similar to ours. 
The relations between SFR and these diagnostics are linear 
at all metallicities (except Lhu when using the POPSTAR 
models), the conversion coefficients increase with Z (in the 
range of 0.13-0.61 dex, see the third column of Table [H]) ex- 
cept Lua when using the PEGASE models within [Fe/H]>0, 
and dC C ase,z/d[Fe/H] reaches the maximum value near the 
solar metallicity. 

The differences in the SFR(L Hq ), SFR(L iiUV ) and 
SFR(Lfir) calibrations caused by the adoption of different 
EPS models reach ~0.2, 0.2 and 1.2 dex. The difference in 
the conversion coefficients caused by IMF, AC case ,iMF, is de- 
pendent of Z for Lho when using the POPSTAR models and 
for Li.uv when using the PEGASE models, but independent 
of Z for the other diagnostics and using the other EPS mod- 
els (in the range of 0.02-0.33 dex, see the fourth column of 
Table U). The differences in the SFR(L Hq ) and SFR(Lfir) 
calibrations are mainly caused by metallicity and EPS mod- 
els, respectively. The effects of EPS models, metallicity and 
IMF on ACi,uv are comparable. 
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